Regulation of smooth muscle contractile proteins by calmodulin and cyclic AMP.
The various protein components of a reversible phosphorylating system regulating smooth muscle actomyosin Mg-ATPase activity have been purified. The enzyme catalyzing phosphorylation of smooth muscle myosin, myosin-kinase, requires Ca2+ and the Ca2+-binding protein calmodulin for activity and binds calmodulin in a ratio of 1 mol calmodulin to 1 mol of myosin kinase. Myosin kinase can be phosphorylated by the catalytic subunit of cyclic AMP (cAMP)-dependent protein kinase, and phosphorylation of myosin kinase that does not have calmodulin bound results in a marked decrease in the affinity of this enzyme for Ca2+-calmodulin. This effect is reversed when myosin kinase is dephosphorylated by a phosphatase purified from smooth muscle. When the various components of the smooth muscle myosin phosphorylating-dephosphorylating system are reconstituted, a positive correlation is found between the state of myosin phosphorylation and the actin-activated Mg-ATPase activity of myosin. Unphosphorylated and dephosphorylated myosin cannot be activated by actin, but the phosphorylated and rephosphorylated myosin can be activated by actin. The same relationship between phosphorylation and enzymatic activity was found for a chymotryptic peptide of myosin, smooth muscle heavy meromyosin. The findings reported here suggest one mechanism by which Ca2+ and calmodulin may act to regulate smooth muscle contraction and how cAMP may modulate smooth muscle contractile activity.